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(^") VhstraO; A lilhorraphv 

apparatus inchujin;' h(^th a LiNor beam 
>tujiYt and an eleLlion fvani column 
^ )d()), \Uicre tfic cicetinii heam eoliinui 
Imn a support (in one enibt>dinienl a 
uindou (4(tp» in ihc eolunin hou.siny) 
h.t^ an index of letr.n itcn n 'Pie 
sup(XMl, ha\in(: a pholocalhotle- .source- 
niatcTial disp<.>sed on its remote surface, 
IS it>caRnl in souk- ernhcHlimcni.s sueh 
thai the uiternal ani:R* ot the incident 
laser Ix\ini is 0 u jth res[vet to a hue 
(^05) fx^i|x-ncli^ulai t(> the remote 
Mir I ace. Phe nunienca! ajx-rture 

^'t the sui>strate (ecjual to nsmth is 
yi eater than <^ne m one ''uibodniient, 
re ;u lung in a high resolution sp<.it si/e 
di.uiieter incident on the photcxathode 
st^urcc nialenal at the remote surface. 
Incident energy from the laser beam 
thereby emits a corresponding high 
re .olulKiii ek-ctrtm fx-am ( 405) from 
the I'hoTot. ath« mIc sMirci- niafeml 


* "[ : -nn-. < 'hdu. V ■! -k-^ tn 'u tHsuu 


vvo ommn) w 
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HE 


'I 111: invention : elate:; t^^ hvnLic] et 
f^hot.ol i t hoQraptiy anu electron h^>arr. Hrh.--::-ar 
f^articula:. , to aii eieotron beam colum 


3 0 


r^umericai apertnre photocathoci^ s 


n u:; me hi on 
uarce i] lerninat ion 


Lithooraphy a:; commonly employed t r. orodace 
repeatabl^^ patterns on a s emi condi: o t c r -uortrat- t--^ 
torm, for example, integrated circuits and 1 1 a i. oan-1 
displays. A conventional lithography process hec-ns 
with coating a substrate with a layer of resist. 
-i^an^^ pro-iection system, lor example, us ma ar: obe r- 

^^t:ici^- (I.e., "mask'') or seou^mtial sro.;- , • 

^^ciroot write"), exposes selected reoions of th- resist 

— - •■ - ■ : :-..:r- , , . 

change the properties of the exposed regions. Using 
2f> the changed propeities, the resist is dev-lot-. : b-,- 


* ' •^■f ■ ' - - • ■ J i - cr eat- r:;. : , r-n- : : i: 

rur-hoi : r. .._-e: SI n.: ;u:cs .: -jn/r 

■■^ 'X 1 d- i ; I ov;t h . 

Currently, feature sizes of mtearareci ■: 


sir'- \J 1 t 


wo 01 o'J^cn 


^ - :"] : ■ I ] *r I . ■ : c n e v. t. : ri . : i \ ■ ^ n : \ r \ rj o • *: i ; . : ; : _ 

-Ti : . . ^- J i ."^ rn^^- 1 e r is -:-:-tr:.i. ] i : f r .: v \- . An 

r-;^an I. i t n r^u r a ph y syst^--r ./i c - ^"M e r ;j ^ - : : : 
■ :^-^s ii:r^:-5'^ i--^an\ ''1 ^- 1 r t r n - '.iir---^ >: r : ' • 

F ■ ^' ^ ' " ' - ''^ p 1 1 e r n s ■ n t. h e v; c r K \y i e . M w v e r , ^ ■ \' : i w c- 
yi^-s^- i-^rt^^rns ,^:r^ cerirat: i^- to .iliov; a r e ^ c : . in 

it^.iTuie r.izes- Inererc»re, wnai_ is ''lesirea .! sv:;r. em 
IC a:. J iT;^;rric:: for iC'rmin^ patterns that nave f^n^;. i 
re 5; o I u c i on than conventional patterns. 

f^MMr/AF Y 

In a c r o r 'i a n c with 1. 1; f ^ r e s e n t invention, i h ^/ 1 r i d 

1 - 1 ca I / ['^article beam 1 1 1 hogi apn y ( ima q mq ) apip r a t a s 

includes both a laser beani source and an electron beam 
cclamn. The present electron beam (Column inclu'::es an 
c:ptically t ransmi SSI ve sup^port havmq an index of 
refraction n. The £uppe»rt, having a p-ho t <:^ca t rx^nie 

20 source material disjiiosed on its (first) surfciice 

Cipposinq the (secona) surface on which the laser beam 
is in::ident, receives the laser beam such that the 
internal angle of the marginal rays of the laser beam, 
is 0 with respect to a line normal to the svip^^^r^^rt 

25 secon^a surface. The numerical aperture (N.A.; c^i the 
h'eam inside the supp-c^rt (equal tC) nsinG) is m one 
em.bodiment greater than one, resulting in a ni:ih 
resolution spot size diameter incident on the on the 
phot 'aca t hode sc-urce material. Energy from the laser 

30 beam emits a co r r e spc^nd i ng high resolution electron 
beam from the phc' t oca t h''>d^^ source material. 
Electromagnetic lens compwanen t ( s ) m one embodiment are 


disp<.'Sed in the electron beam column downs treami fr 


cm 
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■[ t 


-:^r t iw t. 


't. roM be a Hi must be 


1 n s 1 d .-J V a 1 1 ij m , and 1 1 e r j c ^-^ 


- e . 


'lectr-M bearn la Hi^^xde a houainq, typicallv of 


Thaa m either ease, the photocathoc 
1^^ loc.:lcd en a support, either th- 


^' scHi r ce ma t. : 1 [ 
vvindov; or a 


deaio..ted suoport auosrrate ^r^catoa ....... 

bean-. :/ci I umn hou s i no . 

Since in one err.bodiment the numerical aperr.ur- c. ^ 
^^F^P^^^ areater than one, the .pot size diln^t^l, 

01 tn._- Jc.y.ei hocim incident on tne under! yino 
ph.:a..c.thoae .source is smaJl. a co r r ^sp^nd mv. hioh 
resolution eie.-tron bear, is emitted which then is 

further ciernann 1 f i ^rj ^ r^rn 1 r : r - — > . o , ; 

^izes (diameters) of high resolutions (e.g., 100 nm or 
less). Thus the present hybrid of a scannino lasor 
sysr..;. .,nd ar. .icc-rc.n beam r^d umn alb.ws ,■ a t : r . u ■ a : i v 
decreasma m.n:mum a:n,>-nsioii a : :: . c f . . b ■ . c . r . . . . 


■ avductoi . ■ : rca : t r \- 
Anot her la-nt - f i i ^ 


improving th., t r a n srn i s s i o.n ■ f 
y p rvopor t 1 ona ] t 


th-. electron optics, which is typical by 

:,^t,c of sr>ot r..a.. ^. , ; .n-- - ■ 
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' ' ^ : . • ^ r rn a ] - : i m i j f. .1 \' i i. y , t i" n a t. : j , .1 r ici : :m : ^ :;■ in .: 1 \' : t \' . 

: ■ : ^ s e T] t i tk: i.^rohlcm^. ':::ese fr'''t .1 er:u; ar^- r c orT--- 

v: 1 a p 3 r I. 1 c u 1 a r v- : ^ e :". r a t 1 c o t h ^ ■ 3 v^ri ire c r \' t_ a 1 

^..^ ^ -i - T ... ^- 2 "i t i r r ^ *~ ' 1 ~ " ^ ■ " T~ ^ " ^- ^- u -. .... ... 

1 ■ ' 'a: th-- sapp'air*" '"^ i" \a-- 1 m .1 is >a i' i n t ecj in r plan^ t rfi- 

\:> p a^ r t and t hi »? p^ c 1 ai r 1 z a 1 1 o n c t the la s a- 1 b e a n^t is t 9 0 ° 
' 1 L fi a ataxia. 

L ' r 1 n c 1 r ^ i e r < ? f ^ ra - p r e s e r: ■ i n v e n r : r: ' v; 1 1 1 beat \^ 
1: n '^i e r 5 1 c ~a"i in Iiant cl the tallow in a ci*'ta:ilec: 
15 aescripticn a Ion a witn the ac aompa n y 1 n^:: drawmas. 

PRIET OES C RIPTICN C T TtlE DRAVJTN GS. 

Fig. 1 shows s c ra3 m a t i c a 1 1 y an e 1 e o t r o n b e a rr. 
1 1 1 h o g r <3 f ) h s y 5 t ^^ m in. accordance v; i t h t- h e invention. 
20 Fig. 2A shows pactorially, in side view, detail of 

Fi Q . 1 . 

Fig. 2B shc'ws picto-rially another embodiment of 
detail of Fig. 1. 

Fig. 3 shows d e t a 1 .1 of the electron beam col umn o f 

2 5 the system of Fig. 1. 

Fig. 4 A s h c» w s p i c t o ri a 1 1 y another e mb o d i me n t with 
a birefringent material support. 

Fig. 4B shows use of the Fig. 4A structure in an 
electron beam column. 

3 0 Similar reference s y mbc) Is in the figures represent 

the same or sim;ilar elem.ents. 
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t.ho imaof*; anci 

r:iHr-?ri-al arertur^- t -h.. final 
cj p t 1 c a 1 fn o n e t 
nr.mn a aiven valu- tho resoli:t.o:. v..!,,.^ r 


ataaeously reriuc-d l^y decreasinc; th^, fi.^, 
; -noth of t he el 


: Da ; 


r o 


lect ronnagn^t ic radiat lar. ^e.a., a 
'"''^'"^ and/or by mcreasmq the numeric! apertu 
^N-A.) of the fana] oDtiea] component (^-.q., th^- 
v;indr.w cverlyann and seppc>rtina * n^ 

in directed to improvmo resolution by increar;ina the 


'-in.U- here means the optical element closent to the 
r not(-cathodv source mar -rial, ca 1 J ed h-r^- -n-- rat.r--> — 


^ - ^ ^ -n-c-. - ri^w.;- r-i." ^ h.-o-. r.,o,n 


'"■^ Clarice v; : t h an embrudim^nt of th^^ invent^icn, 
~M-:nat icaijy in Fio. -icludes . con v - n t 1 -ai a 1 

' ■ t r 1 r ,1 [:i :di a c i r: : ■ : . t ■ - - 11 
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' ..■i::-:it j i , : ; ; ^ i ] . ^ ^ 1^ 

■ ■ : : : ^ : I fi ; r ■ r: 1 ■: t_ \ : o , n c w : ^ : r , F l a . .1 . 

I: " :r.-'"';i:- 1 o:..i ; t. ^ r i r: ] r - ^:r^vi : - : * 

; :)■ : ./ t. n ^ , .a. , • j ■ 1 , n ."cn\'t-n". I'^r;:: ; 
r ' h ( ■■ I. ' ■ i\ >=-^ n e :." ( ; y hi a ; . ri '■:> uqi\ tc-- c:^ \^ e r o u-^r^ h ► ^ w r. r- 
■1 ■ ^■ o ''i . '-^ '^^ -'i ^ t : ^"^ q u e I . y o o i: I /- r o ^'^^r ■ ] ■ ■ 

V i- 1- ^ i . t : : ... . .11., , . M . , L i i ^ L.) I - F I e '.1 i Li ^; 

1 ' sijr^f: :. 1 ea ly- Coherent;. A ] t ^ * r n a t i vf- 1 y , it r- 
C''hotecci thoci^:^ is used, a convent lenal laser d i 
r^' ^ J n 5 ^ ^ ^ - ^ '~ ' y ^ ' ' u t s r it u t. e ci r c i t 
rTO)':i u I a t r >mt > i r, a t i O'li . 

M'iltioi. h^eani r 1 1 1 1 e r 114, r^lay out i or 11^, .:nd 

1 a rorirrc'-op^r loa 1 mo-deiator 12C- cc-nvert col 1 irna n ed larer 
beam lib into a modulated laser beam bundle 12b 
containrno any nurr;ber (e.g., R :2) of separate 

c od 1 1 ma t e las e r s u h - r> e a m. s c- f w n i is h , for c 1 <a r r t y 
reasons, c>niy three laser suh'-beams are shov;n in 

20 Fro. 1. A suitable laser source is a laser diode, 
e.g., part no. SDL-7 501 from Spectra Diode 
Lah'orator les . F'r c^pc^r 1 1 on a 1 1 y smaller spot size 
diameters are c^btained if liqht c-f lower wavelengths is 
used. ModuIatC'r 120 changes the intensities of the 

25 individual laser suh'-beams typ-ically turning the laser 
sut^-beam.s on and ott m response to an externally 
provided electrical signal E. Conventional gray scale 
intensity control can also be emip)lc>yed to provide an 
optimum irradiance profile to the beam 125 eventually 

30 written t the workp-iece (not shown). Each laser sub- 
h' e a m. is f ck:; \ ] s e d to a separate s p o t by -cb 3 e c 1 1 v e lens 
185 nn the pho t c^ca t hode substrate m electron beam 
column 190. 


c s 1 t e 

c: d e a r r a y 


BNPrOClD <:WO 0109920A1 I > 


wool (M>t>:(i 
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1 J 


T !; 
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-^^^^^^-^-lated el.Mrtron scan optirr .^..mo J o t - I 
^^i-'-tron I -earn scan lines. 


^"'-'i" r-::pondi na scan line, Ihe 
MJi. -r-^-arr^s m laser beam bundle 12". 


eb' across :he 
c c r r s o n 'd 1 no 1 a s 

^re turned on anci 
''^^ ^'^-^^^-^^^t'^^ zo control which regions :n tne 

cc^rresr^ondmu scan Im^ at th^^ surface of tn^ workp.ece 
-luininated. Tnus electron b^ams sweep a precast 
■ *^n^, worKpi.,ce, the imaa^ r ^ f.^ r e s n t o d b\- -b^- 

^"'^-''"'^ ^^xtern.il 1 V i.^rovicb-d to n^-ciMPn-r i-n f ron, 
S-. 0:1'/- 1 V8 . 

l^h^.^ final flovo-st^ surfar-.- .- f ^ v- . . . . 
1^-^ .1.^ preferabJy m close proximity to the window 401 
'^^^^ ^^^^ electron beam column iUQ. Thr> 

^' "'^'^ ^ -i^i'Lcw :Oi:nits th^-^ bis^->: b^^.n:' t - t- ^ . 

"''^ ' ' "''"^ • ^i-J^it ir rransmitteci [..^twe-r: th- la^t 

^^^^^ -tnectivo i^ns IBs and th- electron beam 


wo 01 


* 1^-^-"* -'-'--^ I-"- .iii'.: t!.- ^:i^.rCtro:i i'O.in"! ■ ■ ^' li:r.:. v; i rvi.-^v; 

^ ^ ■ 1 .1 M i ■. ^ r o s r - s e c r i n <"i 1 \.' i e w . C) h n e c t. i. I ; ^' 1 ' i 


1 9 


v; c ; -J 1 c ] n f > r ; c r 1 1 y o n \^ e n t i o n "i L 1 y 


1 e t" 


cyti^al compon€'nts, now shown.) Lens elen;ent 320 is 

LI.*.- ^ J. iici ^ |. ■ u J.. ci X — X J . ; . i l ^ I e at t. Ji O O "1 O S T: 1 V ^. .1 G H T 

^ . Tne ma r a i n a i : a >' n t e r the v; .1 n ^1 '-^ w' -1 0 ] at a 
r-Iativ^^'ly obloLaij-' anal-^ l: r small spots. I.on^^ 

1 : o : m: e n r.5- 2 1 lo : 2 0 a r -s n .1 y 6- >: >^ n\p 1 a r \' ; h e n ] s p h o r .1 c a 1 

lens 32 0 allows usv of an index match ma fluid or a 
narrow air gap 33C'. Tne upper part ot tn^^ o^pfically 
op:iquo transmissiv^ !o_>usinq of elect r<an beam column 190 
is shown at 4 0 2' . 

2 0 Tne laser sub-beam.s 12 5a, 125b p.r.ss from withm 

index matching fluid or narrow gap 3 3'^' and thrc-ugh the 
o;^>tically transmissive window 401. Optroally 
t ransmtissive window 40 1 ano: lens 320 are, for exam.plo, 
5apphire, diam^-^nd, fused silica, calcium fluoride, or 

2 5 t' 1 1 c a 1 glass. T n u s laser 5 u b - h-e a m. s 12 5 a , 1 2 2) h are 

each incident on p-hot c:ca t hode source layer 402 formed 
on the underside of window 40 1 and e^ect corresponding 
electron beams 4 05a, 405b and 405c from phot c^ca t hode 
sc^urce layer 402 into the vacuum within electron beam 

30 cc:lum.n 190. Phot-sca t Ijode ss'Urce layer 4 02 is, e.q., a 
^hin layer rf oc^l^i, cesiate'i gallium arsenide, r 
^_^es rated s emi ce-ndu c t o r film, con vent r c^na 1 1 y formed, m 
this embodim.ent, C:-\ the remc>te (lower) surface o- f 
window 4 01. The advantage of cesiated semicc-nduct or 
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\\ () (H 


1 ' 


' - u ^ I e: ■_■ V 

■nt ^u]b:;t. rate- r t' 


•■•'-I- port whicJi C'l.iv:; Lhe J.. 


t-nrouob w.ndow ,.0 onto h i sph e r . ca 1 1 cr.o 320 
..rrannernont ti^ero .a a narrow vacuur, nap or a 
ncnv-alatile in<l^?x matcninq nia - 


- o T ^ 


:on5 320 and support. 426. The las-r beam:-- and 
beams are not shown m Fiq. 2B. Also, m both 
and 2B, the conventional mountinq structures 

' " ■■ ' ■' -'■ '-■ ■' * - r u c t u 1 e r-. A 2 4 , .■; ;_■ , ... , , , .., .. 


■i n 


numericaJ aperture (N.A.) oi the oeams in the 

^ ' ^ ^ ' ' ' ^ ^ ^ ^ ' ' P h t; ^ a ^ i^-; ^-i o ' ^ - t ■ * r -. . . ■ - 

L-,. is ,n some embodiments very high (e.g., greater 
hr.n ]). The effective numerical aperture :s definr,d 


KD' v.T. .-.qua t 1 on 
ris:ntt 


i-ef ra'.-t ion ot rd,- surT^ort 


\\() (M 
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t : . ^ ' . .: ' i : : . ^ ' s i j r. : ■ t. i a t... ; i ; : ; . : : - r'; ^ ■ f - < )■-: j ' :": 

t h ^ ■ v; 1 M i r ■ ( o 1 u b s t r a t. e • v; i r r c f > ■ r t h ' 
T r a^ r ^ r r ^ ■ i a a c^m o nh-^ a> r:i i iti^ n t t h a a f f a t i v a ' 


."i r r a r ' "■ of the v; i n d o v: 


t 1- a t_ a • 1 


appr''^>:irr3tel\' 1 . 62 if 0 is ^- ^ deareea aa^i th- 


I no 


^ ■ ./uaLri.: ^ i"' j - a a V'. ■ i a a ma: icail <i i i 
i - : a a. : a : 1 ^ a a hy a i a a a i i_) a a n; t. a a n a a t o ci at r h 1 / a ' 

1 Lnt.aaait\' point v;ill proaaoe th-oreaioa: aoao aa::e 
a - a/NA whera d is too fall widM:, half maxirnam 

'_i 1 ci lit a I a I . T h a a the laser bean s p O' t a a z e d i a rv.c t e r o n 
the phc^t o.::a thode scarce material oould be made as small 
as 22 3 nrri full widtn half maximum ("FWHM") if the free 

20 space operating wavelength. X ct the laser beam is 635 
na nome t e r a . 

Fig. 3 shows relevant p'orticns of the O'ptical 
portion O'f the Fig. 1 system, and the elect ra-n beam 
o ad u mi a 1 9 0 in more -1 t a i 1 . Fig. 3 is g c n e r i o zo t n e 

-^■^ Fig. 2A, 2B embodiments. (The sub s t r a t e / wi ndow is not 
show:: aupuor tma pfiot oca t node source ma ter la I i 02 , ^ 04 . ) 
In Fig. 3, electron beam, bundle 405a, ^05b, 405c is 
further demagnified in electron beami column 190 to 
reduce the spot size diameter. Each elect ra-n beam 

30 -105a, 405b and 405c is demagnified by e 1 ec t r tmia a ne 1 1 c 

lenses 4 10 and 4 30, deflected by deflectiin staatem. 4 4 0, 
and IS mrident onto a workpiece W (e.g., a 
semiconductor wafer or miask blank). Workpiece W is 
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"'^"'^"^ -^'^ ^ ^^'^^^^ '-^^i^^ It:-; mail th-rmoi 

' " '-'^^'''--^''^^-y^ iTi o c r: c i ni c a 1 s t r e n a t ^ , , . , r ^ i rr a n - r:^ i - i o u 
over a broad wavelength reqron, ineludma down ro th- 

1 ra V 1 ol e r . i-!r,i,i^ r- u ... _ 

...tjpi^ii^L Lt_' i a materia J of a 

■::ia3:3 whicn i reierred to as "ox r « f r . nqont " , aeneralT 
reiractmc 1 laht of different pol a ri ::a 1 1 ons at 
different angles. This makes it somewhat difficult to 
rcrir, a high numerical aperture, small spot inside or 
through such material. 

In accordance with the invention it has been 
d'.terminea that s.pphire or other birotringent 
mitoriais may L-,- u;;ed tor the pJiotoca T node .Purport, so 
iv-ng OS they have a particular orientation of the 
sapphire material or other matf=rial and th-- 
P^.larization oi the incident laser beam is required to 
nake tiqhtly focused spots. Sapphire is an cxam.plo of 
^ Umax I a: cryst. al, i r: that it [lar r^r 

^-'^^--^^ r-havea differently Mrin ..11 rihe: 


d 1. roct i on r he 


I at lonal 1 y r vnm-*. r 


U>r,iit ^ h 1 r 


■ t 1 ni a a i n a r~ r o r> ^ r 1 1 e ^ ^ r o - f r - ^ . j l 

* ^ - i L 1. e ... .J r - .' t ■ r a i n ^.^ h y e r i e n t i nq 


axir m ti^^ F_viane of the wiruiow (support) 
niar-rial and t h [ ' o 1 a r i z a 1 1 o r . . 


am 


\N () 01 0^M)2(t 


Tl.' 


■ 1 r ]:■•■ : ^ t: ^ 1 1 i \' c - t o ■ - - : , : 1 1 ■ ^ - x : 
r ^: ^ ci M r ■ M i . ■ ; ■ • u , I e ■: : f." i " u ■ ^ i c ^ r": : ■ . 

;-ij;.\r-- . r : r :• i .-i [ as < i i r ■ . L :i- ^ i .:ir '.-.v- • . : 

t 1 1 1 I r; • -'i : 1 y r ■ • I a r i z e ci 1 a s ^; r i ^ e a n A ^.0 , ri a \' i r: 
: 1 a 'j ^.■ 1 , ..a ■ i n ' i a n a pC'n r: a a v'^r i r ^^ ( : o t. h a : 
± ci 1 ,^ :..'a a L ^..^a a L n ciQa :^\:pporz h^k;. 7ne 

1 :!. rra-; p; :a,-i-kod m t^. \r t a^"- r ■ en t : ^a-: c: aha laaa: bean", 
v'iecrria liG'ld The c-axis o *^ the crystalline sapphire 
aappai" i :?hown at ' ^t. v.j t ^aoaiar- t i\ i ca !f?r:aaLiorj ! 

' r-/ l^-^^-'i t)ea:Ti el^-'-t;. ria rial'i and th^^ c-Sxia sh^^'wn I'-v 
■a- aii'^w:: are not . i a t a ^ ^ structures, t'Ut ver^tors. Th-^ 
.■:ataal pna- 1 'aemi s s i v e naaaeria: 470 is shc)v;n cn the 
; i M (_i e r 1 y i n a u r t £i c e o : s a pi p C' r t: 4 6 €■ . 1 h i s shows t h e 
t referred ct ient<ition far a -iniaxral birefrinqent 
ni a t e r i a 1 a s e d as a p hi c^ t C' c a t h <a d e support . 

U s e Ol this i n an electron b' e a m c C' 1 urnn is 
20 1 a 1 us t r 1 ed in a side aaiew m Fie. 4E, with similar 

^■; 1 e me n t :5 having the a me r e f r e n c e n u rrl:» ers as in Fig. 
A A , A d d 1 1 i ctn a 1 1 y , there is depicted the electron beam 
r a; 1 u m a h o u smq 4 72, rn which the bircafringent support 
material 4 66 is wind o w in this emla o d i me nt. Similar 

2 5 t the mih* o d i m e n t C' l Fie. 2 A , the p h c; t c; c a t h o d e s o u r c e 

material 4 70 is shown formed on the underside of window 
4 6 6 - H o w V e r , unlike the situation in Fig. 2 A , there 
IS n c> final focusing e 1 e m^e n t such as lens 320 needed i n 
c 1 o s proximity to window 4 66. 

3 0 A 1 t h C' a g h p r i n -a i p 1 e s of the present invention have 

been described w i t V) respect to specific em.bod i men t s , 
thiese embcadiments are illustrative only and not 
lim.itmq. In liqht of this disclosure, it will be 
a p) p' a r e n t t_ ^a 1 1 1 o s e s i 1 1 e d i n the art, that various 
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\N<) (n o^^9:(i 


: ■ u r c o 1 . : i a ^.^ : ^ - a - ; . i :^ ■ : 

phc> t oca t hC'O^- ra.u:'i * c^l a :n:^T:^: 
r I" n s 1 s s 1 V e t < t r'j ■ a r " e : t^^^ cam; an a 

a hi C' O C a *I "h C"i '-■^ i ^ >' n-; ,-=i t O >- t -r; l ^ r - , - . ^ : i.^ t 

1'' oa .-i remote i^uifao*' ^.ji u j.'f:>L.a l , wi.va-.ri 

t n e p \\ o tai' c a t h ch i a s c ■ r c e material a d * r \ i t 
: . t J I a J ( ) 1' : a I" 1 ci a a t o- <a w i t h r c- a p e c t t c t n a 
ao'Urco of the laser oca a; ac that " li- :.ia*o 
Lean r a c i i a t e s thro i: a a t h a a p p o r t at : a a n a I ^ 

I Vvith reap>ect to a Iiae perpendicular t : :^ 

p 1 a n e (defined i: y a h r e mot e a u r t a <:: e , ■ h r ^ b \' 
G m 1 1 1 r n g an e I e c t r c: n b e a m . 

2. The apparatus of Claim 1, further compriama: 
20 an electron lens cc>mponent located with 

respect to the p h o t C' c a t n ode s o i] r c c mat o r i o 1 t o 
demagnify the electron t".>eami. 

3. The apparatus ot Claim 1, wherein the laser 
25 beam is a stationary laser beam. 

4 . The a p p» a r a t u s of Claim 3 , further comprising 
an optical el erne nt located to scan the laser beam. 

30 5. The app)aratus of Claim 1, further comprising: 

an immersion lens located on an optical path 
L;>etween the source o^f tfie laser beamt and t 
support, thereby to direct the laser beam to the 
support . 
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apparatus of Claim 1, wfu-i 
t. h t.' a u r c t cj f the laser 1") a in c-^ i.: t p u t 
■ lur^ilizy ot scanned laser beams; 
the mat^erial of the supper 

^ u;: ;: 


scanneo las-i 
■ sciirc^' nial.e: i ] ar^ 

- -^re IcoaLeo so that th^- a r a 1 r t 
acanned laser Learns radiata-s M:r-aeri 
-^t t\ir_: ctr.qle v; r t n respect to the lin 
perpendicular fo the plane dofmod b 
■ ■ r t .1 ce ; "i rn ] 


- r:ar:smi s s i ve 

■ h>- 
- f 


r errii' t ^- 


. a 


-r-r.^spcnciir;o rlui^lity of scanne.i -M.-ctror, beam:. 


wo 01 {\')'no 


PC Ta'S(K)/2052*> 


: : I" ^' " i c : : f t_ h r: u l") r: t r <l t ^ i 
nsinO IS qrearer than one. 


th^ in-le .1? an'- 


15. 


2 0 


• 1 a i m 1 , 


' " r 1 n 


up; 


h i a V ] n a; 


a x 1 a I 1 y r : r e f i i n a e n t i" y a t - ] 1 i a la a t a r i a 1 
axis abau-L which it is r a a: a t: i c n a 1 1 v 


yrrjiietric, and wherein the c-axxs extend; 


Da r a i 


1 I 


: na t 


da f i n e d b ;y' a p r i r: c i p < 


1 n a plane 
irlace of th^ 


photocathode soura^e material, and a polarization 
directiC'n of the laser beain is at 90*^ to the c-axrs 

14, The apparatus of Claim 13, v; herein the 
support material is sapp-hire. 
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1 5 . A me t h o d c o^mp- rising: 

directing a laser beami onto a surface of a 
sup»p)crt in an electron beam column such that an 
axis of the laser h^eam is at an angle with respect 
to a line pe r r?e ndi cu 1 a r to a plane cJefined by an 
opp-osing surface of the support; and 

directing the laser beam onto a 
photosensitive material located at the opp^osinq 
surface of the supjport, whereby an electron beam 
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